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Abstract. Our study was developed by using and observing six mammary glands coming 
from: two cows, two mares and two camels of the Camelus Bactrianus species. The procedure 
consisted of introducing a tube into the arterial vessels’ lumen, through which we then injected a 
special material, consisting of the industrial product Palux and a red dye. The injected mammary 
glands were kept in a 2% formaldehyde for 24 hours and then dissected, a process that was done both 
by direct observance and by using a magnifying glass, to enable a more accurate study of our case.  
The arterial vascularization in large ruminants is carried out by the external pudendal artery, 
which branches at the terminal point - in most cases, developing the caudal mammary artery, A. 
mammaria caudalis, and the cranial mammary artery, A. mammaria cranialis. The caudal mammary 
arteries participate, after issuing the collaterals responsible for the vascularization of the limphonodes 
adjacent to the mammals, to the vascularization of the posterior quarters. The cranial mammary artery 
emits one or two collaterals which ensure the vascularization of the medial gland region, eventually 
branching into the lateral mammary artery and the medial mammary artery.  
 




The camels are ruminants, forming part of the Artiodactyla Order, but belonging to the 
Tylopoda suborder, instead of the Ruminantia one. They differ from the ruminants due to 
anatomical particularities of the members, the lack of horns and certain differences in the 
digestive system (Kappeler, 1998). The systematic selection in what the milk production is 
concerned was not examined, nor realized. The lactation cycle varies between 8 and 18 
months, and the milk production, per lactation cycle, varies from 800 to 3600 liters 
(Abdurahman, 2006).  
The udder of the camel consists of four glandular quarters, each with its own teat, 
Papilla mammae. The left and right glandular halves are separated from each other by a 
double sheet of fibroelastic tissue - Lamina mediales, originating in the Linea alba and the 
Tendo prepubicus. Laterally, the two halves are covered by Laminae laterale, which takes 
origin from the Tunica flava abdominis. The cranial and caudal quarters can not be 
macroscopically separated. The mammals are cranioventrally oriented and each has two 
external openings. Contrast radiography shows that each quarter hosts two galactophor 
systems - as in dam, which open separately at the mammal level, through its own papillary 
channel (Tibary, 2000). 
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The camel’s sanguine arterial vascularization of the mammary gland is ensured by the 
mammary artery, a branch of the external pudendal artery, which is coming from the 
pudendoepigastric trunk.  
In cow, the udder is usually located in the inguinal region, but in certain specimens it 
can reach the caudal, getting close to the immediate proximity of the ventral commeasure of 
the vulva, and the cranial, underneath the abdominal wall, almost reaching the umbilical 
region. From this point of view, there are differences between certain subjects, concerning 
race, age, genetic dowry etc. (Popovici and col., 2003).  
The udder consists of four mammals, two of which are situated laterally right and two 
laterally left. It is covered by a mammary capsule forming two bags, right and left, that are 
common to the mammals on the same side. On the medial plan, the two bags come together, 
forming a double walled septum - the inter-mammary medial septum, which completely 
separates the udder in two halves: left and right. The inter-mammary medial septum, also 
called the suspender ligament, is elastic and very resistant. It supports the udder’s weight and 
gets itself fixed at its base, on the Linea alba, while part of its component fibers head toward 
the internal fascia of the thighs and toward the superficial perineal fascia. Each udder half has 
two corresponding mammals, an anterior and a posterior one, which are called quarters. Their 
mammalians have a cylindrical and are slightly cranioventrally faced. On top of each 
mammalian there is a papillary orifice which shows that each mammal presents a single 
galactophor system (Popovici and col., 2003).  
In cow, the arterial sanguine vascularization of the mammary gland is ensured by 
certain branches developed from the external pudendal artery, but also by the anastomosis 
between the mammary arteries and the deep iliac circumflex artery. When exiting the inguinal 
channel, this artery presents a sigmoid flexion which allows the vessel’s elongation in times 
when the udder’s weight is increased (Gangwer, 1999; King, 1993; Damian, 2001). In cow, 
the caudal portion of the posterior mammals is also irrigated by a caudal mammary artery 
originating in the internal pudendal artery (Popovici and col., 2003). 
The mare belongs to the Perissodactyla Order. It presents two mammals situated in the 
inguinal region, between the thighs. The mammals reunite and form a pretty small udder, with 
a globular, almost hemispheric shape. The udder consists of a unitary entity, so that the two 
stuck mammals represent two halves: right and left. On the outside, the unifying line of the 
two mammals is marked by a longitudinal medial dike, while on the udder’s inside, it is 
drawn by a conjunctive inter-mammary septum. The covering skin of the mammals is thin, 
pigmented and has a structure filled with fine silky hair and numerous sudoripary glands 
(Cotofan and col., 2007). 
Each mammal has two galactophor systems, one cranially and one caudally orientated. 
Rarely, some females develop three systems. Usually, the galactohor cranial sinus is larger 
than the caudal one. The mammalians are short (4-5 cm), with a conidial aspect, slightly 
divergently disposed, each presenting two papillary orifices, for each galactohor sinus has a 
channel and a papillary orifice of its own. The papillary channel has an approximate length of 
8-10 mm (Popovici and col., 2003; Cotofan and col., 2007). 
In mare, the mammals are arterially irrigated by branches belonging to the pudendo-
epigastric trunk, through the external pudendal artery, where the mammary arteries originate 
in. The udder is also receiving blood through the caudal mammary branch, with its origin in 





MATERIALS AND METHODS  
 
Our study was developed by using and observing six mammary glands coming from: 
two cows, two mares and two camels of the Camelus Bactrianus species. The cow udders 
were taken from animals slaughtered in a slaughter house situated in Cluj, the mare udders 
belonged to two animals from our Faculty’s study mares, slaughtered in our Faculty’s 
Anatomy Laboratory, and the camel ones came from two animals suffering from acute 
ruminal tympanism, which belonged to the Bucharest Globus Circus, interned in the Medical 
Clinic of the Faculty of Veterinary Medicine, Cluj-Napoca. The mammary glands were taken 
by dissecting the udder skin, the blood vessels and the suspensor ligament and isolating them 
from the trunk. To remove the last blood remains and possible formed clots, the large vessels 
were washed with high saline serum, by introducing it in the sectioned vessels’ lumen with a 
plastic tube attached to a syringe. The thorough preparation of the udders was followed by the 
highlighting of the mammary gland’s blood vessels, by injecting them with colored plastic 
material, after having introduced a tube in their lumen. The tube got fixed by a ligature of 
mammary tissue (Fig.1). During this process, the injected material consisted of the industrial 
product Palux combined with red pigment and hardener. The injected mammary glands were 
then kept for 24 hours in a solution of 2% formalin and dissected after. The supervising of the 
sanguine vessels was done both by direct observance, with the naked-eye and by using a 
magnifying glass. 
 
                           
                        
             Fig.1.The introduction of a colored plastic material in external pudendal artery 
 
 
RESULTS AND DISCUSSION 
 
 Studies performed by our group indicate that both in the cow and in the camel, the 
main arterial mammary vessels are the external pudendal arteries. In camel, udder is irrigated 
by external pudendal arteries - right and left. These arteries pass through the medial angle of 
the inguinal canal, and then reach the connective tissue above the udder, followed by half of 
the glandular tissue that they serve in the caudo-lateral tissue near the skin, much closer than 
for cows (Fig.2). In the inguinal canal, external pudendal artery is located near pudendal veins 
and lymphatic vessels.  
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Fig.2. Arteries distribution in camel udder 
1.Intramammary ligament; 2 and 2’.External pudendal arteries - right and left; 
3 and 3’..Lymphonodes arterial branches; 4 and 4’.Caudal mammary arteries - right and left; 
5 and 5’. Cranial mammary arteries - right and left; 6 and 6’. Retromammary lymphonodes. 
 
In the superficial inguinal ring, external pudendal artery issues a branch cranially 
orientated for mammary lymph node irrigation, after which it ends bifurcated in a caudal 
branch oriented - caudal mammary artery, which serves the hindquarters and the teats, and a 
cranial oriented - cranial mammary artery for anterior quarter and the teats (Fig.3). The 
cranial mammary artery does not bifurcate into two terminal arteries - mammary medial artery 
and mammary lateral artery, but leaves the glandular tissue and is distributed in the 
subcutaneous tissue and skin regions. In both studied glands we have noted the presence of 
two lymphocenters for each glandular half.  
                      
Fig.3.Right external pudendal artery in camel 
1.Left mammary artery; 2.Branch for retromammary lymph nodes; 
3.Left caudal mammary artery; 4.Left cranial mammary artery;  
5.Retromammary lymph nodes; 6.Mammary parenchyma; 7.Intra-mammary ligament. 
 
In cows, the external pudendal artery presents at the exit of inguinal canal, a sigmoid 
flexion, then continues under the name of mammary artery. The mammary artery ends 
bifurcated at the base of the udder, as cranial mammary artery and caudal mammary artery. 
These two arteries branch terminal and distributes to mammary lobules in each alveoli, 
around which they form a dense capillary network. It is also present an artery of lower caliber 
- perineal artery (often double), which detaches from internal pudendal artery. This artery 
distributes into a small portion of the caudal glandular half to which it belongs, or in both 
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halves, if it is double, after which heads toward the upper perineal region where is distributed 
terminal. 
Subcutaneous abdominal artery in turn, emits a medial mammary artery that irrigates 
through the cranial and caudal branches, the medial portion of quarters, and a cranio-lateral 
mammary artery, out of which numerous ventral branches are detached to irrigate the external 
surface of the anterior quarters. In cow the subcutaneous abdominal artery receives the 
anastomosis of a mammary collateral branch of the descending branch from deep iliac 
circumflex artery. In the vascularization of the forequarters participates also the epigastric 
arteries - cranial and caudal.  
The caudal mammary artery emmits a collateral for retromammary lymph nodes, after 
which trifurcates terminal in branches that irrigate the superior-caudal portion of the 
hindquarters (Fig.4).  
The cranial mammary artery after a short trajectory emits, first collateral which is 
oriented vertically and will irrigate through two terminal branches, the lower lateral and 
medial segment of the lateral portion of the corresponding glandular half (Fig.4). In its 
trajectory, the vertical branch issues numerous collaterals which led to a sharp reduction in its 
size. The cranial mammary artery bifurcates in a branch that is oriented medial - medial 
mammary artery and a branch with lateral trajectory - lateral mammary artery.  
 
                 
 
Fig.4.Mammary artery, in cow 
A. Mammary artery; B. Caudal mammary artery; C. Cranial mammary artery;  
1, 2, 3. The terminal branches of caudal mammary artery; 4. Retromammary lymphocenter;  
5. Intermammary ligament; 6. Mammary parenchyma. 
 
 
From the second terminal branch of the left caudal mammary artery an arteriola 
detaches and crosses the mammary suspender ligament and distributes to a small portion of 





                                   
Fig.5.Perforating arterial branches that crosses the median intra-mammary ligament 
1.Perforating arterial branch; 2.Median intra-mammary ligament;  
3.The cross orifice of the perforating artery;   
4. The glandular parenchyma of the left hindquarter. 
 
 
Medial mammary artery issues, at short distance from its origin, a collateral with 
dorsal trajectory which will irrigate the upper half portion of the right mammary gland. The 
second branch is headed initially lateral-medial and after ventral-cranial towards the 
mammary median ligament. In its distance it delivers numerous arterioles orientated in 
different directions to irrigate the central half of the mammary gland, to which it belongs. The 
last segment of this collateral branch is distributed by a terminal fork in the medial portion of 
the milk cisterns that belong to the homolateral mammary quarters. Medial mammary artery 
ends then bifurcated through a branch with ventral trajectory and another branch with cranio-
dorsal trajectory, branch receiving the anastomosis by inosculation of the terminal artery 
coming from lateral mammary artery (Fig.6 and Fig.7).  
The lateral mammary artery has a cranial trajectory - divergent from that of the medial 
mammary artery, which seeks the lateral border of the gland, at about 7 cm from the gland’s 
base. In its trajectory, it emits numerous collateral branches to irrigate the lateral part and the 
medio-ventral one of the gland. In its terminal segment, lateral mammary artery emits a 
branch of anastomosis by inosculation with the medial mammary artery, outlined before, after 
which leaves glandular tissue in the cranio-lateral to it, and distributes terminally throughout 
the skin corresponding to this region (Fig 6 and Fig.7).  
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    Fig.6.The distribution of the mammary artery                     Fig.7.The arterial circulation common  to the   two                 
                 A - Right mammary artery;                                        glandular halves             
                 B - Medial right mammary artery;                                  a - Medial mammary artery; 
                 C - Lateral right mammary artery.                                  b - Lateral mammary artery; 
                                                                                                          c - Anastomosis by inosculation. 
       
In mare, the mammary gland is irrigated by the mammary arteries, terminal branches 
of external pudendal arteries, part of the pudendo-epigastric trunk. Mammary artery ends 
bifurcated at the base of the udder, as cranial mammary artery and caudal mammary artery. 
These two arteries branch terminal and distributes to mammary lobules (Fig.8).  
Terminal, both cranial mammary artery and caudal mammary artery bifurcates in 
branches which are oriented medial and branches which are oriented lateral. 
The udder receives blood supply also through a caudal mammary branch with origin in 
internal pudendal artery (Fig.9). This caudal mammary arterial branch issues collateral for 
irrigation of the retromammary lymph node, then distributes to a small caudal portion of the 
mammary gland. 
  
                       















       Fig.8. Mammary artery in mare                                        Fig.9.Caudal mammary artery in mare 
                    1.The cranial mammary artery;                                        1.The left medial mammary artery; 
                    2.The caudal mammary artery.                                         2.The perforating arteriola; 
                                                                                                               3.The median ligament; 









1. In camel, the principal arterial vessels located at the udder’s base are superficially 
situated, being covered only by a lax conjunctive tissue and adipose tissue. 
2. The udder is arterially irrigated by the external pudendal arteries - right and left, through 
the cranial mammary artery and the caudal mammary artery. 
3. In camel, the perforant arterial branches are missing, and the mammary arteries do not 
split in medial mammary arteries and lateral mammary arteries. 
4. At both the studied glands we could notice the presence of two limphocenters for each 
glandular half. 
5. In cow, the principal arterial vessels situated at the udder’s base are disposed in the 
depth of the mammary glandular parenchyma. 
6. The studied udders showed the existence of an arterial vascular communication between 
the two halves - left and right, originating in the medial mammary arteries. 
7. The study also highlights the presence of anastomosis through the inosculation of the 
lateral mammary artery with the medial mammary artery. 
8.  The arteries responsible for the vascularization of the gland’s posterior quarters 
represent the origin of certain branches destined to the retromammary limphocenters 
- left and right. 
9. In mare, the udder is irrigated by the mammary arteries, which develop two branches 
that end at the udder’s base, forming the cranial mammary artery and the caudal 
mammary artery. 
10. The mammalian is also arterially irrigated through a caudal mammary branch, which has 
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